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We, Farbenfabrikbn Bayer Akiienge* 
SELLSCHAFT, a body corpotate organised 
under the laws of Germany, of Leverkuseii- 
Bayerw^rk. Gennany, dp hereby declare 
5 the invention, for which we pray that a 
patent may be granted to us, and the 
method by which it is to be performed, to 
be particularly described in and by the 
following statement: — 
10 The present invention relates to dental 
prostheses and to an improved process for 
producing the same. More particularly, the 
invendon relates to the provision of trans- 
parent dental prostheses which possess good 
15 strength characteristics and very extensive 
processability, via die so-caUed "powder- 
liquid process'*. 

It is known in dental technology, that 
dental prosthese may be produced by a 
20 method known as the powder-liquid* pro- 
cess (see German Patent Specification No. 
737,058 and United States Patent Specific- 
ation No. 2,122,306) by curiilg a mixture of 
about three parts of a finely-divided bead 
25 polymer, consisting' largely of combined 
methyl' methacrylate, and one part of 
ihohomeiic methyl methacrylate at zxi 
elevated temperature and* in the presence 
of a catalyst such as benssbyl peroxide, 
30 within a two-part denture flask qf gypsum 
which serves as the mold*. 

Modifications' of this basic process have 
also been described heretofore in which 
rqsins, plasticizers or dyestuffs are added to 
35 the polymer employed, and copolymers, 
for example, are xised in place of the homo- 
polymer of methyl methacrylate, the co- 
polymers consisting of a major portion of 
combined methyl methacrylajte and also 
40 containing other combined vinyl com- 
pounds, vinylidene compounds or divinyl 
compounds as the second component. 
It is further well established as of dus 
IPrice 4s. 6d.] 



date that the processmg properties of the 
prostiieses niay be improved by employing; 45 
in lieu of the single species powder with 
the above-mentioned additives in the 
pov^dei-Hquid process^ mdxtures of at least 
two polymers as* the powder, wherein these 
difler iii respect Of their mean particle size. 50 
Fdir example, one of the powder com^ 
ponents might consist of a homopolymer of 
methyl me&acrylate and the other powder 
component of a copolymer of methyl 
mediactyiatei the* mean particle size of the 55 
homopolymer component being adjusted to 
insure that it is greater than the mean par; 
tide size of the copolymer component. Suit- 
able- copolymers' tihus employed consist of 
methyl methacrylate polymers contaitiing 60 
acryhc acid esters of lower alcohols, buta- 
diene, and esters of methacrylic acid as the 
comohomers, and for this purpose the esters 
of methaciylic acid should be esters of 
alcohols containing more than 4 carbon 65 
atoms (see Getinaii Patent Specification No. 
940,493). 

If, in the 3i(juid, mononiers are emJ)loyed 
which differ substantially frbhi the meOia- 
ctylic acid methyl ester, difllculties niay be 70 
edcountered, for essiample; with respect to 
the remaitiidg monoiner not consuiiied in 
the polymerisation process, by reason of its 
physiological properties. In addition, it fbt 
example, repair of a prostiiasis becomes 75 
liecessaty or desitable, monbmeric metha- 
crylic acid- niefhyl ester-c6ntaining 
materials are- usually utilized. Prostheses 
made of styrene-containing polymers are, 
as is hoW^ well established; quite apt to form 80 
capillary CTacfcs. 

It is significant to ndte tiiat, despite the 
afbrementioned modifications of the 
powder coinponeiit, no dentaV prostheses 
have yet been- obtained which are fully 85 
satisfactory 6om the points Of view of 
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cosmetic criteria, and processing require- 

™^fli other processes have been described, 
the intent of which is to satis?y die high 
5 requirements made in respect of dental 
prostheses, in which other monomers are 
added to the methyl methacrylate employed 
as the liquid in the powder-liquid proc«s. 
Thus, for instance, it is known that the 
10 strength properties, cosmetic properties, and 
eeneral processing characteristics may be 
improved by the addition of monomeis 
sudi as the esters formed from acrylic and 
methactylic acids with alcohols contaming 
15 from 8 to 10 carbon atoms, or by the ad- 
dition of cydohexyl methacrylate. methoxy- 
ethyl methacrylate. butoxyethyl methacryl- 
ate tetrahydrofurfuryl methacrylate or 
dicilorostyrene. However, even the addition 
20 of aU of these additive have prov^ m- 
sufficient for the production of dental 
prostheses by the powder-hquid process 
which satisfy the above requirements, m 
every respect. For example, a particular 
75 disadvantage stems from the fact that tne 
above additives cannot prevent the pros- 
theses from becoming opaque or non-trans- 
parent at locations where their wall thick- 
ness is necessarily low. As a result, failure 
to detect faults which might have developed 
during manufacture of the prostheses is 
possible.^^ object of the present invention 
to provide a process for the production of 
35 transparent dental prostheses posscssmg 
very good consumer properties, gooa 
strength characteristics and very extensive 

processability. »- ;„ o 

According to the present invention in a 
process for the production of dental pros- 
fceses by the powder-liquid process the 
liquid comprises a mixture of methyl 
methacrylatB and a methactylic acid amide 
and/or acrylic acid amide contammg m its 
45 molecule at least one &ee hydroxyl group 
and/or an ether group. 

By methacrylic and acrylic aad amides 
confining in the molecule at least one free 
hydrojcyl group is meant methacrylic ana 
50 acryhc acid amides in which one or both 
hydrogen atoms of the amide group is or 
are substituted by lower alfcyl radirals. 
having usually not more than four carbra 
atoms, which carry one or more OH 
groups. Examples of these are N-hydro;^- 
methyl acrylamide and methacrylamide, 
N-(2-hydroxyethyl)- acrylamide and meth- 
acnrlamide. N-(2.hydroxypropyl)- mefliaayl- 
amide. N-(3-hydroxypropyl)- methaayl- 
60 amide. N-(2. 3-dihydroxypropyl)- mefli- 
* acrytoide. and N,N-bis-(2-hydroxyethyl)- 
methaaylamide. The c^irfaon cham may 
also contain ether bridges, such as for 
example in N-(hydroxyethyl-oxyethyl)- 
65 methacrylamide. 



The OH groups may also be ethenfied, 
for example with methyl or 8™"?^- 
N-methylolmethacrylamide methyl ether Mid 
N - 2 - hydroxyethyl - methaciylamide ethyl 
ether may be mentioned as examples. tv 

Preferably at least 40% by weight of 
methyl methacrylate is employed in the 
prosthesis mixture. Unsaturated polymens- 
able adds or anhydrides thereof can ala) 
be added to the liquid monomer or to the » 

^°T]Se*^oregohig liquid is optionally used . 
with a suitable cross-linking agent, being a 
compound containing at l^st two olefinic 
polymerisable double bonds m its mole- 80 
cular configuration. , ^ , 

The quantity of the hydroxy- or ether- 
component employed varies in relation^p 
to the particular compound employed, but 
it is preferably within the range of from 85 
5 to 50 percent by weight of the total 
weight of liquid. - u v -a 

The optional third component of the hquia. 
namely the cross-linking agent added to 
the mixture in a proporuon of from 0.5 to 90 
20 percent by weight, and preferably with- 
in Sie range of from 2 to 10 percent by 
weight. Suitable cross-linking agente in- 
clude, for example, glycol d.acrylate 
divinylbenzene. triacryl-formal glycenne 95 
triacnrlate and glycerme tnmethacrylate 

Ciiing of the shaped product m the 
gypsum mold is generally effected n 
^ordance with conventional P^*'^"''*^-^^ ,«« 
the addition of a polymen^tion catalyst 100 
capable of forming free «dicals. for «t- 
ample, benzoyl peroxide, m a water bath 
maintained at approximately 100 t. 

Particularly good results are achieved in 
accordance with the prw:ess of m- 
vention when a mixture of two polyrn^ 
employed as the powder. Fo/ ^his purpa«^ 
the mixture should preferably consist of a 
homopolymer of methyl methacrylate and 
a copolymer of methyl niethacrylate and 110 
the mean particle size of the homopolymer 
should be larger than die mean particle 
size of the copoljrmer. 

Pursuant to the process of the mvenuo^ 
it is often not necessary to cure the molded 115 
product in the gypsum denture fla^^ ^£ 
a water bath maintamed at 100 smt» 
transparent prostheses may be obtained 
when the curing or polymerisation of ffie 
srpsum denture flask is effected in a drymg 120 
Sbinet. Sudi a procedure with the con- 
ventional mixtures has the tendency of 
forming mudi more intense opacities. 

The following Exampks are g»ven to 
illustrate the invention. The ratio of p^ 125 
by weight to parts by volume has the same 
relationship as have grams to millUitres. 

^■^ii^m'by weight of a mixture containing 
80 weight pereent of a bead homopolymer 130 
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of methyl methacrylate having a mean bead 
diameter of 0.09 mm and a (tj) value of 1.0 
and 20 weight percent of a bead copolymer 
containing 80 weight percent of combined 
5 methyl methacrylate and 20 weight percent 
of combined ethyl acrylate. having a mean 
bead diameter of 0.05 mm and a {ij) value 
of 1.0, are mixed with 0.01 parts by weight 
of benzoyl peroxide and 1 part by volume 

10 of monomeric methyl methacrylate. After 
swelling, the mixture is thoroughly kneaded 
and a prosthesis mould is a two-part plaster 
flask is lined with the resulting paste. The 
plaster mould had previously been lined 

15 with a 2% aqueous solution of sodium 
alginate. The closed flask is then inserted 
in a water bath at 20*'C. the temperature 
of the bath then being raised to 100**C 
over a half hour period and maintained 

20 for half an hour at this temperature. The 
plastic moulding removed from the mould 
after cooling has a milky turbidity which 
is increased still further after exposure to 
the air for a few days, 

25 If, however, the above procedure is re- 
peated, using, instead of the monomeric 
methyl methacrylate, 1 part by volume of 
a mixture of 50-80 parts of methyl metha- 
crylate and 50 to 20 parts of N-Ci-hydro^pr- 

30 ethyl)- methacrylamide, the milky turbidity 
increasingly disappears with increasing 
addition of the new liquid component. 
EXAMPLE II 

If the polymer mixture described in 

35 Example 1, is used in accordance with 
that Example with 1 part by volume of a 
mixture of 50-90 parts of methyl methacryl- 
ate and 50- to 10 parts of N-methylol- 
methacrylamide monomethyl ether, pros- 

40 theses are obtained which are largely free 
from the above described milky turbidity. 
WHAT WE CXAIM IS:— 
1. A process for the production of 
dental prostheses by the powder-liquid pro- 

45 cess in which the liquid comprises a mix- 
ture of methyl methacrylate and a meth- 
acrylic acid amide and/or acrylic acid amide 
containing in its molecule at least one free 
hydroxyl group and/or an ether group. 

SO 2. A process as daimed in cl£um 1 
wherein the methyl methaccylate comprises 
at least 40 per cent by wei^t of the pros- 
thesis mixture. 

3. A process as claimed in claim 1 or 2 

55 wherein the liquid also comprises a small 



amount of a cross-linking agent containing 
in its molecule two unsaturated double 
bonds capable , of being polymerized. 

4. A process as claimed in any of claims 

1 to 3, wherein the methacrylic acid amide 60 
and/or acrylic add amide comprises from 
5 to 50 percent by weight of the total 
weight of liquid, 

5. A process as claimed in any of 
claims 1 to 4 wherein the cross-linking 65 
agent comprises from 0.5 to 20 percent by 
weight of the total weight of liquid. 

6. A process as claimed in any of 
claims 1 to 5 wherein the free hydroxyl 
group-containing compound is N-hydroxy- 70 
methyl acrylamide, N-hydroxymethyl 
methacrylamide, N-(2-hydroxyethyl)-acryl- 
amide, N-(2-hydroxyethyl)-methacrylamide, 
N-(2-hydroxypropyl)-methacryiamide, N-(3- 
hydroxypropyl) methacrylamide, N-(2,3-di- 75 
hydroxypropyl) methacrylamide. or N,N- 
bis-(2-hydroxyethyl) methaoryamide. 

7. A process as claimed in any of claims 
1 to 5 wherein the free hydroxyl group- 
containing compound is N-(hydrox/ethyl- 80 
oxyethyl)-methaciylamide. 

8. A process as daimed an any of 
claims 1 to 5 wherein the ether group- 
containing compound is N-methylolmeth- 
actylamide methyl ether or N-2-hydroxy- 85 
ethyl-methacrylamide ethyl ether. 

9. A process as claimed in any of claims 
1 to 8 wherein a mixture of two polymers 
consisting of a major proportion of methyl 
methacrylate having different mean particle 90 
sizes is employed as the powder. 

10. A process as claimed in claim 9, 
wherein the powder consists of a mixture 
of a homopolymer of methyl methacrylate 
and a copolymer of methyl methacrylate 95 
the mean particle size of the homopolymer 
being relatively large and the mean particle 
size of the copolymer being relatively small. 

11. A process for the production of 
dental prosticieses substantially as herein- 100 
before described in Example 2. 

12. Dental prostheses whenever pre- 
pared by a process according to any one 
of claims 1 to IL 

For the Applicant, 
CARPMAELS & RANSFORD, 
Chartered Patent Agents, 
24, Southampton Buildings, 
Chancery Lane, London, W.C.2. 
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